ABSTRACT BACKGROUND: Renal cell carcinoma (RCC) is the third most common genitourinary cancer and the most common primary renal neoplasm. Estimates of the economic burden of RCC in the United States range from approximately $400 million (in year 2000 dollars) to $4.4 billion (in year 2005 dollars). Actual costs associated with RCC, particularly for elderly Medicare patients who account for 46% of U.S. patients hospitalized for RCC, are poorly understood.
Medicare database also includes a comparison group sample of patients without cancer that can be used for comparison. 17 The comparison group sample was drawn from a 5% sample of Medicare beneficiaries residing in SEER areas.
Study Sample
The SEER-Medicare database contains tumor registry data on 54,622 patients who were diagnosed with a first primary RCC tumor between 1973 and 2002 ( Figure 1) . 18 Claims data are R enal cell carcinoma (RCC) is the third most common genitourinary cancer and the most common primary renal neoplasm. 1 While survival rates at 5 years are 90.8% and 63.3% for tumors confined to the kidney (i.e., local disease) and spread to regional structures (i.e., regional disease), respectively, the 5-year survival rate is a dismal 11.1% for metastatic disease (i.e., distant disease, mRCC). [2] [3] [4] Approximately 58,240 new cases of RCC were diagnosed in 2010, or approximately 18.8 per 100,000 population. 5 The overall incidence of RCC continues to rise secondary to an increased diagnosis of incidental small renal masses identified during abdominal axial imaging. [6] [7] [8] Approximately 18% of patients diagnosed with RCC have mRCC. 9 The median survival for mRCC is less than 1 year. 4 However, the 5-year survival rate for invasive cancer of the kidney and renal pelvis in the Surveillance Epidemiology and End Results (SEER) database for the period from 2001 to 2007 was 70%, suggesting that a 5-year cost analysis is potentially informative for RCC. 4 Although RCC carries a significant economic burden on patients and the health care system, the literature on associated costs of RCC is somewhat limited. Estimates of the economic burden of RCC in the United States range from approximately $400 million (in year 2000 dollars) to $4.4 billion (in year 2005 dollars). 9 There are many reasons for the wide range of reported costs, including heterogeneity of data sources, stages of disease, and methodological approaches for cost computations. Other contemporary cost studies involving RCC have evaluated the cost-effectiveness of diagnostic imaging modalities in the pre-operative period, [10] [11] [12] [13] as well as the cost-effectiveness of immunotherapy regimens and targeted molecular therapies for advanced-stage RCC. 9, 14 The disparity in reports of the economic burden of RCC coupled with the limited number of pharmacoeconomic studies for the treatment of RCC emphasize the need to better understand costs associated with this malignancy. This is particularly true for elderly patients covered by Medicare, who account for 46% of U.S. patients hospitalized for RCC. 15 We attempt to quantify RCC-related costs by using data from the combined SEER-Medicare database to estimate the costs (defined as payments made by Medicare) for Medicare patients with RCC and the effect of patient-and disease-specific factors on total costs up to 1 and 5 years following diagnosis.
■■ Methods Data
Data for this study were obtained from the SEER-Medicare linked database. The SEER-Medicare database combines tumor registry data from the National Cancer Institutes (NCI) SEER program for patients who are covered by Medicare with their Medicare billing records. 16 Because the SEER-Medicare linked database includes patient and disease information as well as health care claims, it is possible to use these data to study resource utilization among patients with cancer. The SEERAll RCC patients N = 54,622 Leaving N = 9,876 This is the final comparison sample available only beginning in 1986 and are only available for certain types of services since 1994. We therefore limited our sample to patients who were diagnosed with a first primary RCC between 1995 and 2002, the final year of tumor registry data availability at the time the present study was initiated. Starting in 1995 rather than 1994 allowed a 1-year look-back window for identifying comorbidities, as described later. We further restricted cases to patients aged 65 years or older and excluded patients with nonepithelial tumors or for whom the diagnosis of cancer was obtained on autopsy or from a death certificate only. In addition, patients enrolled in a health maintenance organization (HMO) at or after the cancer diagnosis were excluded because these patients do not have any Medicare billing records. The earliest HMO exclusions were made for January 1, 1995, because that is the beginning date of the study. We also excluded 140 cases with missing demographic information and 55 cases with no Medicare billing records.
FIGURE 1

Derivation of RCC and Comparison Group Samples
A comparison group sample of Medicare patients without cancer was selected from the Medicare 5% sample. Noncancer patients were randomly assigned an artificial date of diagnosis from available diagnosis dates of cancer patients. These dates were drawn randomly with replacement and were required to be before the date of death (or the same month). To control for potentially different distributions of patient characteristics, we used a propensity score-matching technique to select a comparison group sample that had a similar distribution of background characteristics. 19 We opted for a propensity scorematching approach rather than another matching approach, since we had a relatively large number of characteristics on which to match, including age, gender, race/ethnicity, and several specific comorbidities and chronic conditions. The propensity score was the predicted probability from a logistic regression of case status (n = 4,938) versus comparison group status (n = 364,938). Covariates included year of birth (≤1909, 5-year increments 1910-1934, ≥1935), race/ ethnicity (white, black, Asian, Hispanic, other), the Charlson Comorbidity Index (CCI), 20, 21 and indicators for anemia, hypercalcemia, and hyperlipidemia. We tested several interactions between covariates in the logistic regression model and used the Wald test for overall significance of these interactions (multiple degrees of freedom tests). An interaction between year of birth and race was also included, as it was the only interaction effect that was statistically significant. The model had a c-statistic of 0.63. A greedy matching algorithm was used to match 2 comparison group patients to every RCC patient. All comparison group patients were required to have a propensity score within 0.01 of cases; virtually all matches (99%) were exact. With these criteria, our final sample included 4,938 patients with RCC and 9,876 matched noncancer comparison group cases. A full description of the derivation of the sample and the observations removed at each step is presented in Figure 1 .
Costs
The cost analyses take the perspective of Medicare as payer. Costs, therefore, represent actual payments made by Medicare for all-cause treatments including inpatient stays, emergency room visits, outpatient procedures, office visits, home health visits, durable medical equipment, and hospice care, but excluding outpatient prescription drugs. Note that Medicare Part D costs were not included because they were unavailable for the study or follow-up periods. All costs were adjusted for inflation and represent year 2005 dollars. Hospital costs were adjusted using the Hospital and Related Services component of the consumer price index. Outpatient costs, physician payments, hospice, and home care costs were adjusted using the Medical Care Services component of the consumer price index. Medical equipment costs were adjusted using the Medical Care Commodities component of the consumer price index.
Covariates
We studied the impact of demographic and disease characteristics, comorbidities, and treatment choice on 1-year and 5-year costs. Demographic variables included patient age at diagnosis, gender, and race/ethnicity (black, white, Hispanic, other). Disease variables included morphologic extent of malignant disease, defined using the SEER historic stage (local, regional, distant metastasis, unstaged [unknown]), 22 and laterality (left, right, and bilateral). A number of comorbidities, including diagnosis-based proxies for known prognostic factors in RCC-anemia, hyperlipidemia, and hypercalcemia-were also included as potential covariates. Specific codes that were used to define these treatments and comorbidities are presented in Table 1 . Treatment indicators were mutually exclusive for surgery, radiation, combination of surgery and radiation, as well as absence of any treatment. An indicator was also included for chemotherapy, although this could have been used in combination with any other treatment. Concomitant use of chemotherapy was identified using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes, ICD-9-CM and Current Procedural Terminology (CPT) procedure codes, and Healthcare Common Procedure Coding Systems (HCPCS) codes in billing data. 23 We used these codes to identify general chemotherapy administration as well as codes that specifically identified 5-fluourouracil, methotrexate, cylcophosphamide, cisplatin, and carboplatin. These codes were identified by and are presented in Table 1 . 23 We controlled for comorbidities based on the Deyo adaptation of the CCI. 20, 21 The CCI is a weighted average of 19 conditions associated with inpatient mortality. We used 18 of these, since all patients in the RCC group had cancer. The CCI has been widely used to study or control for comorbidities among cancer patients and other populations. [24] [25] [26] All comorbidities were identified from codes during the year prior to diagnosis (RCC cohort) or the assigned pseudo-diagnosis date (comparison cohort). Other comorbidities that are associated with outcomes for RCC but not part of the CCI were identified from ICD-9-CM codes, including anemia (280. 27, 28 We created indicator variables for each individual comorbidity and included the indicators as separate potential covariates in multivariate analyses.
Statistical Methods
Standard statistical tests, including t tests for continuous variables and Pearson chi-square tests for categorical variables, were used to make comparisons between RCC and matched comparison group patients.
Patients in the SEER-Medicare database had variable followup time periods. Therefore, our approach to estimating costs at 1 year and 5 years was the method proposed by Bang and Tsiatis (2000) , which accounts for patient censoring due to variable follow-up. 29 In this study, patients were censored if their last follow-up preceded their date of death, which could indicate last follow-up or loss to follow-up. This approach estimates costs for each patient at regular time intervals (e.g., monthly) and weights those estimates by the inverse of the probability that the patient is not censored within the month. Bang and Tsiatis recommend a nonparametric estimator of the inverse probability, obtained from a Kaplan-Meier estimator of time to censoring. Using 60 monthly observation periods, we weighted the monthly costs for each patient who was uncensored in that month by the inverse probability and then summed the weighted costs to estimate 5-year average cumulative costs. The same process was repeated for 1-year costs using 12 monthly observations. This process was done separately for RCC cases and comparison group patients.
Determinants of Medicare All-Cause Costs Among Elderly Patients with Renal Cell Carcinoma
Diagnosis and Procedure Codes Used to Define Comorbidities
Condition
Multivariate analyses were performed using the inverse probability weighting (IPW) approach suggested by Lin (2000) , which extends the method of Bang and Tsiatis to a multivariate setting. 30 Using this approach, each of the 60 monthly costs was fit to a linear model, where covariates included patient, disease, and treatment variables. Coefficients for months 1 through 12 were summed to give marginal effects of covariates on 1-year costs; coefficients for months 1 through 60 were summed to give marginal effects on 5-year costs. Although a closed-form solution for standard errors exists for this method, it assumes data are normally distributed. Our cost data were highly skewed. Therefore, 95% confidence intervals (CI) were obtained from 1,000 bootstrap replicates.
All analyses were performed using SAS statistical software, version 9.2 (SAS Institute Inc., Cary, NC) and R (2.13.0), open source software available at: http://www.r-project.org/.
■■ Results
The final sample included 4,938 patients with RCC and 9,876 noncancer comparison group cases ( Table 2 ). The groups were comparable in age (P = 0.783), gender (56.7% male in both groups, P = 0.981), and race (84.6% white in both groups, P = 1.000). The comorbidity burden was relatively low, with most patients in both groups (61.9%) having no comorbidities. following diagnosis, patients with regional disease had PPPM costs that were 24% greater than those of patients with local disease ($2,913 vs. $3,616), and patients with distant disease had costs that were 105% greater than those of patients with local disease ($2,913 vs. $5,984). This difference across stage of disease largely held across each of the 5 years of follow-up.
Determinants of Medicare All-Cause Costs Among Elderly Patients with Renal Cell Carcinoma
Cumulative costs over time are presented in Figure 2 . These curves display the average cumulative costs starting at diagnosis and continuing up to 5 years following diagnosis for RCC and comparison group patients. The costs are calculated Most RCC patients (46.2%) had local disease as opposed to regional (18.4%) or distant (27.3%) disease (data not shown).
Cumulative unadjusted costs for each of the first 5 years following diagnosis are summarized in Table 3 . In the year following diagnosis, per patient per month (PPPM) costs were 4.6 times greater for patients with RCC than for matched comparisons ($3,673 vs. $793, respectively). In subsequent years, PPPM costs fell but were still 26%-71% greater among RCC patients. Also of interest is the fact that PPPM costs for RCC patients increased by stage. For example, in the first year ated with higher costs. Anemia and the CCI were significantly associated with costs at both 1 and 5 years. Hyperlipidemia had a significant association at 5 years but not at 1 year. After controlling for other factors, the incremental effect of RCC was estimated to be $22,340 (95% CI = $20,833-$24,017) at 1 year and $20,976 (95% CI = $17,544-$24,572) at 5 years.
We also performed multivariate analyses of 1-and 5-year all-cause costs among just RCC patients, controlling for disease, treatment, and patient characteristics (Table 5) . Several patient and disease factors were significantly associated with accumulated costs at 1 year. Age had an inverted "U"-shaped effect on costs at 1 year. Patients aged 70-74 years incurred on average $4,463 (95% CI = $2,127-$6,676) in higher costs, and patients aged 85 years or older incurred on average $5,016 (95% CI = $2,175-$8,169) in higher costs, compared with patients aged 65-69 years. In addition, black patients had approximately $5,499 (95% CI = $1,699-$9,698) higher costs than white patients. Gender was not a significant determinant of 1-year costs. Disease stage was a significant determinant of costs, as patients with regional disease accumulated $3,704 under the assumption that the patient survives up to the time period specified on the x-axis. At 1 year following diagnosis, RCC patients had accumulated an average cost of $33,685 per patient, while comparison group patients had accumulated an average cost of $9,261 per patient. By 5 years, cumulative costs per patient were $110,798 for RCC patients and $62,772 for comparison patients. Thus, the unadjusted differences in all-cause cumulative costs were $24,424 by year 1 and $48,026 by year 5. Figure 3 presents the unadjusted IPW cumulative all-cause costs for patients with RCC stratified by disease stage. As expected, patients with localized and regional disease accumulated less in total costs than patients with distant disease or who were unstaged. By year 5, total cumulative costs were $104,652, $114,673, $169,837, and $165,032 for patients with localized, regional, distant, and unstaged disease, respectively.
In multivariate analyses using IPW-partitioned regression for both RCC and comparison patients, several patient-specific factors were associated with 1-year and 5-year all-cause costs (Table 4) . Older age was generally associated with higher costs, although not for all age groups, and not all effects were statistically significant. Black race was associated with higher costs at both 1 year ($2,687, 95% CI = $840-$4,572) and 5 years ($11,953, 95% CI = $7,211-$17,121). Comorbidities were associ- Treatment choice was significantly associated with 1-year all-cause costs. Compared with patients who received surgery alone, patients who received radiation therapy alone had $6,092 (95% CI = -$10,830 --$1,810) lower costs; patients who received surgery plus radiation had $24,556 (95% CI = $16,673-$32,940) higher costs; patients who had chemotherapy had $15,144 (95% CI = $9,979-$20,344) higher costs; and patients who had no treatment recorded had $12,722 (95% CI = -$15,649 --$9,952) lower costs. These lower treatment costs were most likely associated with earlier mortality for more aggressive pathologic stage, as suggested by previous research. 2 Similar effects were observed for average costs at 5 years following diagnosis, including significant effects of age, race/ ethnicity, comorbidities, and treatment (Table 5 ). Only distant stage remained statistically significant and reversed direction from positive in the 1-year equation to negative (-$16,849, 95% CI = -$23,157 --$10,726) for 5-year costs, and the magnitude of the impact of chemotherapy fell relative to its effect on 1-year costs.
■■ Discussion
In this large sample of Medicare patients, we found that RCC imposes a significant cost burden relative to similar Medicare patients without RCC. During the first year following diagnosis, Medicare paid an average of $3,673 PPPM for RCC patients and only $793 PPPM among enrollees without cancer. We also showed that total 1-year and 5-year costs are significantly associated with age, race/ethnicity, stage of disease, and treatment choice, among other factors.
Increased use of abdominal axial imaging coupled with an aging population have contributed to a steady increase in the detection and reported incidence of RCC. Chow et al. (1999) found that incidence rates increased annually by 2.3% among white men, 3.1% among white women, 3.9% among black men, and 4.3% among black women between 1975 and 1995. While this increase is most significant for clinically localized lesions, they also noted an increase in advanced cases of RCC as well. 6 Diagnosing a greater number of RCCs likely confers an incremental cost attributable to detection, treatment, and continued surveillance. In this study, we utilized the SEERMedicare database with an inherent comparison group sample to characterize costs associated with RCC.
A principal challenge prior to initiating cost comparison is identifying a suitable comparison group sample. We constructed a comparison group using propensity score matching that allowed us to match the distribution of covariates to the RCC cohort and maintain a large sample size. In fact, the distribution of measured patient characteristics was virtually identical between the RCC and comparison group sample. Thus, we are confident that remaining differences in outcomes between these 2 groups are not due to the observable characteristics that as income and education, which are potential contributors to the racial differences that were observed. Fourth, since missing data may be more frequent among patients with the most severe disease, cost estimates may be biased in this group. Finally, due to the era studied, we were not able to directly investigate the role of newer targeted therapies on the economic burden of RCC. For example, these patients were treated before the availability of such targeted agents as sunitinib, sorafenib, and temsirolimus. Because we lacked outpatient prescription drug data, we were also unable to identify how many patients were treated with interferon or interleukin-2.
■■ Conclusions
Among Medicare patients, RCC is associated with a significant economic burden. The extent of this economic burden is determined by several patient characteristics and disease factors. Despite study limitations, these results may be informative to health care policy makers and other payers who cover elderly patients at risk for RCC.
formed the basis of the matching model. Of course, they may still be due to variables that we did not observe and on which we were not able to match.
When evaluating incurred all-cause costs following diagnosis, we found that RCC patients had a significantly higher accumulated cost both within the first year and between the first and fifth years when compared with comparison group patients without chronic renal disease. This magnitude of increase was most pronounced within the first year, which likely reflects the burden of treatment for RCC. Additionally, costs remained higher beyond the first year of diagnosis in the RCC patients. These higher costs are likely to be due to costs associated with post-treatment surveillance, treatment incurred in patients initially managed by observation, sequelae of complications attributable to the primary therapy, and secondary malignancies that may be detected during follow-up regimens. 31, 32 Given the observed cost burden in RCC patients, we identified that demographic, pathologic, and therapy-related variables all contributed to costs of RCC care. Specifically, patients aged 70 years or older had higher associated costs than Medicare patients younger than 70 years. While prior work has suggested the feasibility of RCC treatments in older patients, several have implicated longer hospitalizations and complication rates between 7% and 10%. 33, 34 Furthermore, older patients appear more likely to undergo a radical as opposed to a partial nephrectomy with a likely sequela of chronic kidney disease. 35 Collectively, all of these variables can contribute to higher costs in the aged RCC population even in this dataset, which did not include outpatient prescription drug costs because none of the patients in this sample had access to Medicare Part D. In addition to age, black race was associated with higher RCC costs. While access to health care is presumably similar, prior work from the SEER-Medicare database has implicated differences in the use of surgical and systemic therapy regimens between racial groups. 36, 37 Furthermore, recent work has identified higher RCC incidence rates and lower survival rates among black patients compared with white counterparts. 2, 38 Such differences may manifest as cost differences associated with RCC.
Limitations
First, the restriction of cases to Medicare patients aged 65 years or older limits the generalizability of our findings. Whereas the overall 5-year survival rate for cancer of the kidney and renal pelvis in the SEER database is 70%, only 21% of the present study sample was still in the SEER-Medicare database at the beginning of the fifth year after diagnosis. Second, we studied all-cause medical costs, not costs for claims specific to RCC diagnoses or treatments, and we did not have access to data on prescription drug use because the study period preceded implementation of the Medicare Part D drug benefit. Third, our study lacked analysis of some socioeconomic factors such 
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